ABSTRACT -It was studied the effects of shading (0, 36 and 54%) and of four nitrogen doses (0, 50, 100 and 150 mg N/dm 3 of soil) on the morphogenetic traits and on the tillering of grasses of Brachiaria genus (B. decumbens, B. ruziziensis and B. brizantha cv. Marandu and cv. Xaraes), cultivated in pots with 5 kg substrate. It was used a complete random design, in a 3 × 4 × 4 factorial scheme with three replications. Nitrogen promoted increase in leaf appearance rate and in average leaf blade length, whereas shading increased stem elongation rate. Leaf elongation rate and tillering varied with the interaction among shading percentages and nitrogen doses. Shading increased response efficiency of leaf elongation rate to nitrogen doses, but reduced for tillering, evidencing priority existing tillering growth in detriment to appearance of new tillers when there is light restriction for the plants. Phenotypic adjustments, in response to light reduction, indicate that the studied grasses present tolerance to moderate shading. 
Introduction
The use of silvopastoral systems has been suggested to ensure sustainability in animal production systems because of their potential to increase soil fertility, to improve forage quality, to promote animal thermal comfort and to provide income diversification for the producer Porfírio-da-Silva, 2007) . However, trees reduce the light available for the grass, affecting the morphogenetic properties that determine its productivity (Paciullo et al., 2008) . The response to shading depends on the forage species, on the level of shading, and on soil fertility, especially nitrogen availability (Rozados-Lorenzo et al., 2007; Sousa et al., 2007; Guenni et al., 2008; Soares et al., 2009 ).
Grass tolerance to shade depends on the ability of the grass to adapt, morphologically and physiologically, to a particular level of irradiance (Dias-Filho, 2000) . Under conditions of moderate shade, grasses can continue to grow at levels considered to be satisfactory Guenni et al., 2008; Soares et al., 2009) , with an increase in the ratio of above-ground biomass to root biomass (Wilson, 1998; Dias-Filho, 2000; Guenni et al., 2008) , in the specific leaf area (Dias-Filho, 2000; Paciullo et al., 2007; Guenni et al., 2008) , in the leaf elongation rate and leaf length (Dias-Filho, 2000; Paciullo et al., 2008) and a reduction in the tillering rate (Gautier et al., 1999; Paciullo et al., 2007) .
According to Wilson (1996) , soil humidity levels drop more slowly in shaded soil than in soil in full sunlight, which enhance microbial activity in the leaf litter, leading to a greater mineralization and nitrogen availability in the soil, resulting in the greater pasture dry matter production Guenni et al., 2008) .
However, even grasses fairly tolerant to shade show a reduction in forage production under intense shade, especially when the level of shade exceeds 50% of the incident radiation (Andrade et al., 2004; Paciullo et al., 2007; Soares et al., 2009; Garcez Neto et al., 2010) . These results suggest that pasture growth in silvopastoral systems depends on the interaction between shade and soil fertility.
The objective of the present study was to evaluate the effects of shade and nitrogen dose on the morphogenetic characteristics and tillering of four grasses of the Brachiaria genus.
Material and Methods
The experiment was carried out at the Embrapa Gado de Leite, in Juiz de Fora, Minas Gerais located at 21 o 41' 20" S, 43 o 20' 40" W and 678 m mean altitude. The Köppen classification for the regional climate is type Cwa (mesothermal).
Seeds of Brachiaria brizantha (Hochst. ex. A. Rich) Stapf cvs. Marandu and Xaraes, B. decumbens cv. Basilisk and Common B. ruziziensis cv. were planted in plastic pots containing commercial substrate based on Pinus spp. After 20 days of growth, the seedlings were transplanted to tubes with a volume of 35 cm 3 containing the same commercial substrate. After 40 days, three seedlings from each genotype were transplanted to plastic pots containing 5.0 kg of a mixture of soil (Red-Yellow Latosol) and sand, in a 3:1 ratio. Limestone was added at 2 t/ha to give a substrate with the following chemical composition: phosphorous (Mehlich-1) = 4.4 mg/dm 3 ; potassium = 47 mg/dm 3 ; calcium = 0.8 cmolc/dm 3 ; magnesium = 0.3 cmolc/dm 3 ; H+Al = 1.82 cmolc/dm 3 ; base saturation = 40%; and pH (H 2 O) = 6.3.
The experimental design was completely randomised in a factorial scheme with three replications, consisting of four grasses subjected to three levels of artificial shading (0, 36, and 54%) and four doses of nitrogen (0, 50, 100, and 150 mg N/dm 3 of soil). Shading was achieved by using polypropylene shading cloth of different transparency, fixed on supports 2 m above the workbenches with the pots. Shading cloth was also placed on the sides to prevent morning and afternoon sun light incidence. Shading percentages were calculated by measuring the photosynthetically active radiation in the full sunlight and under the shade condition. A Decagon brand, LP 80 model, ceptometer was used to read the incident radiation between 11:00 a.m. and 2:00 p.m., in each light environment.
Nitrogen was applied to the soil surface of the pots using urea diluted in water at the rate of 50 mL per pot per application. At the start of each regrowth period, potassium and phosphorous, as K 2 O and P 2 O 5 , respectively, both at a dose of 50 mg/dm 3 , were applied together in the nitrogen solution in a single dose. The pots were watered daily to keep the soil moist.
The plants were subjected to the light regimes on March 10, 2008. The morphogenesis study was conducted over two consecutive growth periods: the first from March 10 to April 4, 2008, when the plants were first harvested, and the second from the day of the first harvest to May 19, 2008 (last harvest).
The leaf blades and the stems of a tiller in each pot were measured each week. The full length of the leaf blade was measured, until ligule exposure. The length of emerging blades was measured from the tip to the ligule of the last expanded leaf, up to the point where its ligule was visible. The date that a leaf appeared was defined as the day when its ligule was first observed, and the date of its death, as the day when all of its tissue was senescent (Gomide et al., 2006; Paciullo et al., 2008) . Stem length of the stem was measured at the beginning and the end of each evaluation period, as the distance from the soil to the ligule of the youngest adult leaf.
This data was used to estimate the leaf appearance rate and the leaf and stem elongation rates for each tiller. The total number of leaves per tiller was also determined. Leaf lifespan was estimated from the values for leaf appearance rate and the number of leaves per tiller (Chapman & Lemaire, 1993) . Leaf and stem elongation rates were obtained by dividing the difference between the final and initial total lengths of the leaf blades or stem by the number of days in plant growth period. Leaf appearance rate was calculated by dividing the number to fully expanded leaves (exposed ligule) that had appeared per tiller by the number of days taken.
The number of tillers per pot was counted at the end of each growth period, before the plants were harvested.
The data (mean for the two growth periods) were subjected to analysis of variance, considering the effects of species, nitrogen doses, and shading levels. Whenever the analysis indicated a significant effect for the nitrogen dose, the data were subjected to regression analysis. When the three shading percentages were evaluated, a mean test (Tukey test at 5% probability) was applied whenever the variance analysis suggested statistical significance for this variable.
Results and Discussion
Leaf elongation rate varied with the type of grass (P = 0.0108) and with the interaction between shading percentage and nitrogen dose (P = 0.0387) (Figure 1 Leaf elongation rate increased linearly with nitrogen dose, confirming the results found in the literature (Garcez Neto, 2002; Alexandrino et al., 2004; Fagundes et al., 2006) . The rates obtained under shading conditions were always higher than those in full sunlight. There was a difference only between the two greatest degrees of shading (36 and 54%) when nitrogen was not applied; the values were similar for doses of 50 m/dm 3 of N and above (Figure 1) .
In full sunlight, each milligram of nitrogen applied resulted in an increase in the leaf elongation rate of 0.04 mm/tiller.day, while under shading conditions, the increase values were 0.09 and 0.07 mm/tiller.day for each milligram of nitrogen at levels of 36 and 54% shading, respectively. Under shading conditions, the plants prioritise the formation of leaf area to the detriment of other fractions, which usually results in higher leaf elongation rate and a larger leaf area in shaded plants (Dias-Filho, 2000; Paciullo et al., 2008; Guenni et al., 2008) . The most efficient response to the application of nitrogen highlights how grasses prioritise leaf formation when shaded so as to capture more light.
Stem elongation rate was only influenced (P=0.0059) by the interaction grass × shading level (Table 1) . Whereas no differences were observed between the cultivars in full sunlight, under shading, the grasses B. decumbens and B. ruziziensis had a higher stem elongation rate than the other two grasses. Shading stimulated the stem elongation rate for all of the grasses except Xaraes, for which no difference was found for the distinct percentages of shade, although the rate was two-fold as high in a higher level of shade. The high coefficient of variation observed (71.7%) for this variable, associated with the amplitude of the data may have contributed to this result. In field tests with Marandu grass, Gomide et al. (2009) found a coefficient of variation of 87.1% for stem elongation rate, higher than for the other morphogenic characteristics studied.
More pronounced stem growth is a normal tendency in plants cultivated under shade and is a strategy to compensate for the reduction in light (Castro et al., 1999; Paciullo et al., 2008) . Etiolation or whitening of plants subjected to shading is a mechanism by which the plant searches for light by lifting its leaves towards the canopy. In grasses, this mechanism also permits a better distribution of radiation from the canopy along the tiller (Mello & Pedreira, 2004) . Leaf appearance rate varied with the type of grass (P<0.0001). Xaraes cultivar showed a lower rate (0.035 leaf/ tiller.day) than the others, which showed similar values (mean value of 0.083 leaf/tiller.day). The lower leaf appearance rate for Xaraes, associated with its greater leaf elongation rate, is in agreement with the literature, as there is a negative relationship between appearance rate and leaf elongation rate (Grant et al., 1981) .
Leaf appearance rate was also influenced (P=0.0489) by the nitrogen dose (Figure 2) , following a quadratic effect, as it was also observed by Garcez Neto et al. (2002) . The function of nitrogen on the appearance rate can be analysed as the result of a combination of factors, including the elongation duration and the leaf elongation rate (Robson et al., 1988) . The leaf blade elongation rates increased under shade. This fact, associated with the similarity in the appearance rates under the shading conditions, suggests increases in the leaf elongation duration. The length of the pseudostem, determining the path to be travelled by the expanding leaf, appears to be the determining factor for leaf length (Skinner & Nelson, 1994) .
Leaf lifespan was influenced by the grass × nitrogen dose interaction (P = 0.0292) (Figure 3 ). Nitrogen had no influence (P>0.05) on B. ruziziensis, whereas for other grasses the leaf lifespan decreased (P<0.05) as the nitrogen dose increased (Figure 3 ). This result contradicts those of Garcez Neto et al. (2002) and Oliveira et al. (2007) , who found that leaf lifespan increased with nitrogen fertilisation. According to these authors, the mechanism by which nitrogen increases leaf lifespan may be associated with the prolongation of the photosynthetic capacity without significant internal remobilisation of the nitrogen in the older leaves. On the other hand, the increase in the nitrogen dose could promote precocity on the plants, increasing leaf senescence in the tillers (Alexandrino et al., 2004) and contributing to the reduction in leaf lifespan, which would explain the results presented here. The reduction in leaf lifespan in response to the nitrogen dose may also be explained by the inverse relationship between the leaf appearance rate and lifespan, in accordance with the lifespan calculation suggested by Chapman & Lemaire (1993) , being used in this study (lifespan is equal to the ratio of the number of leaves per tiller and the leaf appearance rate). Therefore, the increase in leaf appearance rate in response to the application of nitrogen (Figure 2) , without a change in the mean number of leaves per tiller was associated with a reduction in the leaf lifespan.
Leaf blade length was influenced by the grass × percentage shading interaction (P=0.016). Leaves growing under shade were always longer than those in full sunlight, regardless of the cultivar (Table 2) , which is consistent with the higher leaf elongation rate in response to the nitrogen dose. Amongst the grasses, Xaraes cultivar had the longest blades, which is consistent with its higher elongation rates and lower leaf appearance rates, in comparison with the other cultivars. The species B. decumbens and B. ruziziensis had shorter leaf blades than B. brizantha cultivars, except for the leaves produced in full sunlight, under which condition Marandu cultivar produced leaves of a size similar to the first two species mentioned. Leaf blade length increased quadratically (P<0.0001) with the nitrogen dose, to a maximum value of 31.1 cm, obtained with a nitrogen dose of 134.3 mg/dm 3 (Figure 4) . The positive impact of nitrogen on leaf blade length for forage grasses was reported by other authors (Garcez Neto et al., 2002; Fagundes et al., 2006) . Nitrogen enables an increase in leaf elongation rate, as found in the present study, by stimulating the production of new cells, which is the means by which the leaf blade changes its size (Garcez Neto et al., 2002) . In fact, some studies have indicated a positive correlation between the elongation rate and the leaf blade length (Mazzanti et al., 1994; Garcez Neto et al., 2002) .
The mean number of leaves per tiller was not influenced (P>0.05) by the percentage of shading or the nitrogen dose, but it did vary (P<0.0001) with the grass cultivar. Extreme values of 3.6 and 4.5 leaves were observed for Xaraes and B. decumbens, respectively. B. ruziziensis and the Marandu cultivar both had a similar intermediate numbers of leaves, 4.3 and 3.9 leaves, respectively.
Tiller density varied with the grass × percentage shading interaction (P=0.0019) (Table 3) . Overall, the grasses B. decumbens and B. ruziziensis had a greater density of tillers than the other grasses. The reduction in the number of tillers/pot when under shade was confirmed; for B. decumbens, only the level of 54% affected tillering, whereas for the others, shading of 36% reduced the tiller density. Light is an important factor in the production of new tillers, which is consistent with the results found in this study. The similarity for the values from 0 to 36% shading indicates that Brachiaria decumbens have greater tolerance to moderate shade, in terms of the appearance of tillers, in comparison with the other grasses, for which a contrast was observed between the full sunlight and under shade values, regardless of light intensity.
It is interesting to note that the lower tiller density in Xaraes cultivar coincides with its lower leaf appearance rate. The leaf appearance rate has a central role in the morphogenesis of grasses inasmuch as it affects the three structural characteristics, which are the following: number of leaves per tiller, leaf size, and tiller population density (Lemaire & Chapman, 1996) . Hence, aside from representing the velocity of photosynthetic tissue formation, the leaf appearance rate also responds to the plant tiller potential (Gomide et al., 2006) , since each leaf represents a phytomer (Gomide, 1997) consisting of a shoot able to become a new tiller. In practice, plants with a high tillering capacity occupy more soil space. This aspect increases in importance in silvopastoral systems in which shading reduces tiller density in the pasture Guenni et al., 2008) . Hence, establishing silvopastoral systems with Xaraes cultivar, whose tiller density is naturally lower, can only be recommended with reservations, particularly in mountainous topographic conditions, where there is greater risk of soil erosion.
Tiller density also varied (P=0.005) with the shading × nitrogen dose interaction ( Figure 5 ). Under full sunlight conditions, the response was linear; whereas for 36% and 54% shading, the responses were quadratic, showing that shading limited the plant response to the applied nitrogen, in terms of the appearance of new tillers. This result (Gautier, 1999; Andrade et al., 2004; Paciullo et al., 2008) and reinforces the importance of light in the production of new tillers in grass pasture. Joint analysis of the data for the response of the leaf elongation rate and tiller density variables to the nitrogen dose indicates that, under shade, the increase in availability of nitrogen improve the growth of existing tillers by increasing the leaf elongation rate, to the detriment of the production of new tillers. The reduction in the response to nitrogen dose under artificial shading conditions demonstrates the need for field studies in silvopastoral systems to evaluate fertilization strategies, particularly for grasses with a greater productive capacity used in more intensive production systems.
Conclusions
Nitrogen improves leaf elongation and leaf appearance rates and the length of the leaf blade. Shading stimulates the response of the plants to the application of nitrogen, in terms of leaf elongation, but reduces tillering. The four grasses of Brachiaria genus show tolerance to moderate shading. 
